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Keratin-associated proteins (KAPs) 5-4 which belongs to keratin-associated protein (KRTAP) type 5 
family has two major groups: high/ultrahigh cysteine (HS) and high glycine-tyrosine (HGT). Based on 
bioinformatic prediction, we experimentally cloned a fragment containing an open reading frame of 
1849 bp from maize, which encodes a protein of 408 amino acids. BLAST analysis indicated that KAP5-4 
is homologous to the qPE9-1 protein in rice. Conserved domains analysis predicted the presence of five 
domains. Real time reverse transcriptase polymerase chain reaction (RT-PCR) indicated that the 
expression of this gene is up-regulated in response to water-deficit stress in the root and leaf. 
 





In the hair cortex, hair keratins intermediate filaments are 
embedded in an interfilamentous matrix, which consists 
of hair keratin-associated proteins (KATAP, usually 
abbreviated as KAP) (Powell et al., 1991; Wu et al., 
2008). KAP are considered to have originated 
independently, and to be essential for the formation of 
rigid hair shafts and resistant to them through their 
extensive disulfide bond cross-linking with the abundant 
cysteine residues of hair keratins or hydrophobic 
interactions with keratins (Rogers et al., 2006; Powell et 
al., 1991, 1995, Powell and Rogers, 1997). KAP were 
encoded by multigene families, which can be divided into 
two major groups: high/ ultrahigh cysteine (HS) and high 
glycine-tyrosine (HGT), and can be further grouped into 
27 subfamilies, termed KAP1 to KAP27, based on 
phylogeny (Rogers et al., 2006, 2007). KAP 5-4 belongs 
to KAP type 5 family. Gene families in which duplications, 
rate variation and pseudogenization occur frequently are 
likely involved in functional innovation and adaptation 
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(KRTAP) participated in stability against stress (Hesse et 
al., 2004).  
Maize is one of the most important foodstuff plants in 
the world; water-deficit stress poses serious threats to its 
production (Jiang et al., 2009; Lai et al., 2010; Zhuang et 
al., 2007). There were some researches on the gene ex-
pression analysis of maize, on how the reproductive 
organs respond to water-deficit stress conditions. 
Comparative analysis of a number of studies in drought-
stressed maize (Zea mays L.) reporting quantitative trait 
loci (QTLs) for abscisic acid concentration, root 
characteristics, other morpho-physiological traits (MPTs) 
and grain yield (GY) reveals their complex genetic basis 
and the influence of the genetic background and the 
environment on QTL effects (Tuberosa et al., 2002). 
However, delineating a QTL to a single gene using 
genetic approaches is time-consuming and technically 
demanding (Fridman et al., 2000, 2004). As an 
alternative, microarray technology is a tool for analyzing 
genome-wide gene expression (Schena et al., 1995). 
Under water-deficit stress, placenta/pedicel and endo-
sperm differed considerably in their transcriptional 
responses at nine days after pollination (DAP). Of the 
stress-response genes, 89% were upregulated in 
placenta/pedicel and 82% were downregulated in 
endosperm (Yu and Setter, 2003). Zhuang et al. (2007, 
2008) used oligo microarray to examine 57452 transcripts 
expression   at  one  and  seven  days  after  water-deficit  




stress, respectively. Most of these transcripts had been 
previously reported to be associated with water stress. 
Zinselmeier et al. (2002) used oligonucleotide microarray 
containing 1,502 genes to examine genes expression at 
four days after silking and eight days after pollination in 
maize ear and kernel in response to water-deficit stress. 
This revealed 17 genes (10 upregulated, seven 
downregulated) that were affected by stress among these 
tissues and demonstrated that gene expression in the 
pedicel was more responsive than that in other tissues. 
However, the microarray technology measuring gene 
expression was Einsatz gewaltiger Mittel or was limited 
by the after points of process-time. Consequently, using 
the functional sequence of other species BLAST in the 
maize databases, understanding maize response to 
water-deficit stress requires a comprehensive evaluation 
of stress-induced changes in gene expression and is 
expected to advance our insight into crop improvement, 
and then, the successful use of KAP5-4 genes 
encourages us to transform and overexpress endo-
genous KAP5-4 genes in maize.  
Here, we reported the cloning and characterization of a 
functional KAP5-4 gene from maize, and its expression 
profile under drought stress. It is expected that the 
information obtained in such a study will help in the 
development of approaches to manipulate the genes to 
increase tolerance and improve yield of the maize crop. 
 
 
MATERIALS AND METHODS 
 
Plant materials, growth conditions, stress treatments and first 
strand synthesis 
 
The seeds of maize inbred line 18-599 were sterilized and 
germinated in vermiculite. At the two leaf stage, the seedlings were 
transplanted into a plastic mesh grid for aquaculture and grown 
hydroponically at 28°C for a photoperiod of 12-h light/12-h dark 
(illumination of 20000 lux), with relative humidity of 60 to 80% and 
modest aeration. The nutrient solution was replaced every three 
days. At the three leaf stage, identical seedlings were subjected to 
drought stress treatments. For drought stress treatment, 16% 
polyethyleneglycols (PEG) was added to the nutrient solution. At 0 
(control), 1, 2, 4, 6, 8, 12, 24, 48 and 72 h after stress treatment, 
leaves and roots were separately sampled from three seedlings, 
and frozen in liquid nitrogen immediately. RNA was isolated using 
the Trizol reagent (INVTROGEN, USA) according to the user 
manual and reverse transcribed to cDNA using PrimeScript RT 
reagent Kit (TakaRa China). 
 
 
Database searches and data acquisition 
 
The amino acid sequence of the KAP5-4 was found in uniprot 
database (www.uniprot.org). The maize gene, KAP5-4 was used to 
analyze the gene structure using maizesequence (www. 
maizesequence.org). Multiple sequence alignment was conducted 
among the deduced protein sequence and the deposited functional 
KAP5-4 protein sequences in NCBI protein database. Phylogenetic 
analysis of these sequences was carried out by uniprot database 
(www.uniprot.org) and DNAman software. The family domains and 
functional domains of the deduced protein were analyzed using 








Open reading frame cloning 
 
Primers were designed based on the predicted maize KAP5-4 gene 
using primer 5.0. The 1289 bp fragments of KAP5-4 gene including 
the predicted active sites was amplified using the forward primer (5’ 
CATCAGCCAGCCACCACTC 3’) and the reverse primer (5' 
CGAAGCCAACAGGCATCATAA 3'), respectively. PCR amplification 
was conducted using PrimeSTAR HS DNA Polymerase (TakaRa 
China) with proof reading activity. The temperature cycle was 2 min 
at 95°C for one cycles, 10 s at 98°C, 90 s at 68°C for 35 cycles, and 
5 min at 68°C. The amplified product was purified using Universal 
DNA Purification Kit (TIANGEN China), dATP was added in the tail 
of sequences using the TaKaRa Taq
TM
 (TakaRa China), cloned into 
pMD19-T vector (TakaRa China), and sequenced by ShangHai 
Majorbio Bio-pharm Technology Co., Ltd (China) and SinoGeno 
Max Co., Ltd (China). The resulted sequence was identified at 




Real time RT-PCR 
 
For real-time RT-PCR, a pair of primers (KAPs5-4F and KAPs5-4R) 
was designed to amplify a 103 bp fragment of the maize KAP5-4 
ORF. The GAPDH gene (GAPDHF and GAPDHR) was used as 
housekeeping control for template standardization (Table 1). The 
detection of amplification rates was performed using SsoFast 
EvaGreen Supermix (contained 2×reaction buffer with dNTPs, 
Sso7d-fusion polymerase, MgCl2, EvaGreen dye and stabilizers; 
Bio-Rad USA). Real-time PCR analysis was performed on a Bio-
Rad iCycler iQ5 Real-time PCR Systems. The annealing 
temperature (60 and 59°C) was used in the primers of KAPs5-4 and 






Cloning of maize KAPs5-4 gene 
 
By searching uniprot database (www.uniprot.org), a 
protein sequence deduced from maize encoding gene 
sequence B6UAE5 was found to be named KAP5-4 
protein. With the specific primers designed based on the 
identified encoding gene sequence, a fragment of 1224 
bp was amplified from the cDNA sample of maize inbred 
line B73 (Figure 1). The sequence of the fragment was 
the ORF of KAP5-4. This ORF sequence was registered 
at ‘maizesequence’ (www.maizesequence.org) database 
with accession number GRMZM2G172320. 
 
 
Deduced amino acid sequence, the domains and 
phylogenetic relationship of maize keratin-associated 
protein 5-4  
 
The polypeptide encoded by maize KAP5-4 gene is 408 
amino acids long. The amplified sequence has the 
highest homology (54.839%) with the protein of the 
qPE9-1 gene in rice. There were 328 identical positions 





Table 1. The primers of real-time PCR. 
 










Figure 1. The fragment of the keratin-
associated protein 5-4 protein in maize 
inbred line B73. 1, The band of the 





show that the variability of the amino acids sequences 
were 0.323, 0.275, 0.263, 0.260 and 0.384 in Z. mays 
(B6U8WT), Z. mays (B6UAE5), Oryza sativa subsp. 
Japonica (Q67UU9), O. sativa subsp. Indica (B8Y995) 
and Homo sapiens (Q6L8H1), respectively (Figure 3). 
These illustrated that the relation was close in the 
compared sequences. The domains of maize KAP5-4 
was forecasted by uniprot database (www.uniprot.rog) 
and maizesequence (www.maizesequence.org). There 
were five domains in the sequence of the KAP5-4 (Table 
2). These implied that maize KAP5-4 has some functions 
which are associated with the domains.  
 
 
Expression of maize keratin-associated 5-4 gene 
 
In the root, the expression of gene KAP5-4 gradually 
increased at 1 h and peaked at 24 h after water-deficit 
stress treatment, and then decreased, until a similar level 
at 72 h (Figure 4). In the leaf, the expression which was 
up-regulated gradually increased at 1 h and the first 
peaked at 4 h after water-deficit stress treatment, and 
then gradually decreased, until the second peak value 
was exhibited at 24 h after water-deficit stress treatment, 
until a lower level at 72 h  (Figure  5).  The  expression  in  




the root was higher than that in the leaf. These suggested 






The length of fragment was same with the prediction 
online, and the amplified sequence was compatible with 
the searching result online. These suggested that the 
KAP5-4 really exist in the genome of the maize. In the 
inbred B73, the 2.3-billion-base sequence (the largest 
genetic blueprint yet worked out for any plant species) 
includes more than 32,000 protein-coding genes spread 
across maize's 10 chromosomes (Palmer et al., 2003; 
Whitelaw et al., 2003; Schnable et al., 2009). The 
complex repetition and diversity of the maize genome 
make it a bigger challenge to explore the maize than 
other plants, and maize genomic survey sequence is 
available for use. This facilitates the discovery of 
functional genes.  
In the five domains, the domain of the Von Willebrand 
Factor Type C (VWFC) emerged in the qPE9-1 of the 
rice. The qPE9-1 encoding keratin associated protein of 
426 amino acid residues contained three VWFC domains 
(residues 99 to 153, 276 to 316 and 339 to 385), one 
transmembrane domain (residues 88 to 106), and one 4-
disulfide-core domain (residues 153 to 166). An 
additional gene controlling grain size (GS3) has been 
identified in rice and also carries VWFC and trans-
membrane domains (FAN et al., 2006), demonstrating 
the importance of these structures (Zhou et al., 2009; 
Huang et al., 2009). The domain of maize Prot_inh_BBI 
was same with the domain of the Triticum aestivum wali 6 
protein, encoding a small protein that is related to the 
previously isolated wali3 and wali5 genes, whose 
molecular function were interrelated with water transport 
(Richards et al., 1994; Snowden and Gardner, 1993; Ji et 
al., 2010). Therefore, we forecasted that the maize KAP5-
4 gene had functional resemblance with the wali6, which 
is related to drought. 
The results of the expression suggested that maize 
KAP5-4 participated in the response to water-deficit 
stress. The originally upregulated expression of maize 
KAP5-4 is likely to promote the content of analogous wali 
family genes, especially wali6, to induce stress signal 
transduction related genes (Snowden et al., 1993; 
Richards et al., 1994; Ji et al., 2010). The wali6 was 
against aluminum stress in the root and induced 
expression (Richards et al., 1994; Snowden et al., 1993). 
These were why the expression of KAP5-4 gene in the 
root was higher than that of leaf. The leaves and roots of 
maize seedlings had different expression profiles after 
PEG treatment and there was a lot of overlap between 
PEG- and drought-stress induced up-regulated trans-
cripts (Zheng et al., 2004). In maize seedlings or tassels, 
the     transcripts     could     be   differentially    expressed  






Figure 2. The result of the comparison of the amino acid sequences of the keratin-associated protein in rice with the 
keratin-associated protein 5-4 in maize. ORYSI, Keratin associated protein (O. sativa subsp. Indica); MAIZE: keratin-






Figure 3. Neighbor-joining tree of the keratin-associated protein 5-4 sequences of other four 
species. B8Y995_ORYSI, Keratin associated protein (O. sativa subsp. Indica); 
Q67UU9_ORYSJ, DENSE PANICLE 1 (O. sativa subsp. Japonica); B6UAE5_MAIZE, keratin-
associated protein 5-4 (Z. mays); B6U7W7_MAIZE, keratin-associated protein 5-4 (Z. mays); 
Q6L8H1_HUMAN: keratin-associated protein 5-4 (H. sapiens). 




Table 2. The domains of the keratin-associated protein 5-4. 
 
InterPro Description Beginning Ending 
IPR000020 Anaphylatoxin/fibulin 154 184 
IPR018072 Conotoxin_a-typ_CS 170 180 
IPR022353 Insulin_CS 299 313 
IPR000877 Prot_inh_BBI 155 170 






Figure 4. Normalized fold expression of the gene of keratin-associated protein 5-4 under 






Figure 5. Normalized fold expression of the gene of keratin-associated protein 5-4 under 
water-deficit stress in leaf. 




and upregulated under water- deficit stress for a long 
or short time (Jia et al., 2006; Zhuang et al., 2007, 
2008).  Therefore,  we considered that the KAP5-4 gene 
had   response   to  drought  stress,  but  the  mechanism 
of signal transduction involving KAP5-4 gene in maize 
remained to be explored. The maize KAP5-4 gene has 
been identified, which have significantly increased 
expression and probably involved in water stress 
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